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Abstract

The steric course of bromination »f the Diels-Alder

adducts of cyclopentediene and maleic anhydr’. . has been examined.

The previously reported structures of two of the three known debro-

mides in this series are foumd to be inconsistent with the measured

dipole moments. Structural assigaments are revised to bring all

three structures into line with the dipole moment data and with

modern concept on the sterlc course of addition and rearrangement

reactions in related bicyclic systems.

~—— ———

—— e o Sty e

(1) The research work being reported here has been supported by the
Cffice of Naval Ressarch under contract H-oar-567(29). ec.f.
previous paper in this series--This Jouraal, 74, 3034 (1952).

Craigg hag exsmined the reaction mechanism of the ther-

(2) D. Craig, This Jouranal, 73, 4889 {1351).

—
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mally induced trensformation of the endo iato the exo adduct of
cyclopentadiene and malelc anhydride. Among many other consldera-
tions taken into account ia his examinatlion, he dlscusses the
nature of the products obtaiaable on bromination of the residual

double bond. Farlier, Alder and Stein® had brominated the endo

—- ——— =

(2) X. Alder and G. Stela, Ana., 504, 247 (135%).

- e = —— . - -

adduct and assigned to the i1zsuliing compound A the structure I on
the basie of an assumed course of irect trans addition of the

elenents of bromine to the double ~ond. Alder and Stela also pre-

pared an isomeric dibromide by on: . ful hydrolysis of A to a dibromo-

2cid and thermal r=arrangement anc dehydratlion of the latter to an
anhydride product B. The structure of B was given as Ii, the 4,5-
cis-exo dibromide of the exo-%,5-metnylene-1,2,3,4-tetruhydro-cis-
phthalic anhydride, i.e., the exo cyclopentadlede-maleic anhydride
adduct obtalned on treatment of B with zinc 1n acetic acid. Craig
prepared the third imown dibromide C by bromlnation of the exo
adduct. He assigned to 1t the structure of II{ assuming the bro-
mination had followed a course of direct trans addition and sug-
gested that reformation of exo adduct on debromination of C with

zinc establishes the assigned structure.

Chart I contalas a suamary of these observations.
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compnund (C) m.p. 249°
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co Zn
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In the course of our work with this system it appeared
that the structures of A, B, and C previously assigned may be in
error for two reasons; the experimental evidence did not seem to
be complete or conclusive in some instances and the assumed reaction
course for bromination of the double bond ignored the possibilities
of rearrangement previously identified in other double bond addition

reactions of this system.4

(4) P. D. Bartlett and A. Schnelder, This Journal, 68, 6 (1946).
R. B. Woodward and H. Baer; Ibid., 70, 1161 (1948).

It seemed appareat also that a quick test of the valldity
of the assigned structure was obtainable through a comperison of
the computed dipole momeats of I, II, and III with the experimental
values we have determined and are reporting here for compcunds &,

B, and C. Table I affords this comparison.

It is to be noted that a large discrepancy exists be-
tween the calculated and observed values in the caszes of compounds
A and B whereas good agreement is demoanstrated for ccampound C. On
this basis it is clear that the structure of compound C has been
properly assigned, but the structures previously assigned for A and

B are cserliously in error.

Fhat structures do accord with the observed dipole moments

and how could these structures arise in the procedure used for their

1
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TABLE |
Compound | Previously®
assigned structure Ado calculgted |lo observed
6.0)"
Br
A
CC\) cex 4.5
6.1
Br CO"'0 |
Br £0 2t
B 2 4.4 3.2
|Br Cco -
i
29"
2.9)
Br
c Co_
0 2.3
/
Co 2.5**
Gl 1l

# c.f. referunce (2)

% A valae of 2.9

for a normal

£-Br bond nomeat is used {2 thie calculation.

A value of 4.3D 1c used for a nommal tond zoment for the anhydride obtained
as a zean experimental vulie--c.f{. experimentsl section.
##¢ Value corrected for the knowa experimental momeat of truas-2,*-dibromo-

norbornylane. 6

-

. — - S —— — — ———

(5) Y. X. Syrkia and M. F. Dyatkiad, Structure of Holeculee and the Chemical a_qgg
Tnterscience Pullishers (1353) p. 215,

{6) 4. Xwart and L. Kaplan, This Jouraal, 75, 0000 (1952).
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preparation? A tabulatica of all other possible dibromo anhydrides
that would possess the observed reactions 2, of the three isomers

1s contained in Table Il together with their calculated dipole

momentse.

The limits of inaccurrcy in our dipole moaent measure-
ment is estimated to betO.lb. The structure dipole momeat values
(Table I} calsulated from individual bond moumeats are not corrected
in all cases for mutual polarizability of the bonds and internal

field interaction effects.7 We estimate fron the magnitude of

(7) I. F. Holverstadt, W. D. Kumler, J. Amer. Chem. Soc., 64, 2982
- (1942). R. J. W. lLeFevre, Dipole Moments, Menthuen and Co.,
Loadon, Chap. IIL (1948).

i et e —_—

cuch effects that we have encountered in sinilar molecules6 a
maximum correction of ¥ 0.2D. It is seen, therefore, that the

upper limit of éfiscrepancy between calculated and obsarved moments

te ¥ 0.4p.

Tho observed moment of compound A is noted in Table II to
be in sgreement with five possible structures whose calculated dipole
moments are withia the estimated limits of discrepancy. On the other
hand the observed dlpole —omeants of compounds B and € correspond-well
to 2 ciagle structure in each case. It seems reasonable by consider-

iig the mechanism of formation and the possibilities therein for
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TABLE |
Calculated and Observed Moments of all Possible Structures
Dibromo Anhydride Ay ,up observed in agreement
Structure
calculated A 8 c
|
e 6.1
co
\
Br co-°
|
Br
£b°°o 4.4 4.5
-~
Br co
' n
Br C?o 2.5 2.3
co”
Br
v
> 4.3 4.5
co
ar \
co-°

it
’




3.0

4.5

4.5

45

4.4

8.6

4.5

3.0

6.0

Vil

co”
Vil
co
\
/

Br
Br

X
co

Br

co




o ]
rearranged producttt iznored by the previous aut’nors"’5 to reconcile

(a) #. E. Doering, Abstructs, 113th Meeting of the American Chemical
Society, April 139-23, 1348, Chicago, Illinols, p. 44. T. P.
Neville, E. DeSala and C. L. Wilson, J. Chem. foc., 1188 (19%9).
c.f. also reference (1C;.

- —-———— - —————

tne dipole moment data with the structural assiganents for compounds
é and C and make a consistent cholze amony the possibilities for the

structure of compound A.

Thus the addition >f bromiie to the ends cycloneat-ilene-

malelc anhydride adduct would, ia terms of the modern concept® of

(9) ¥. J. S. Dewar, Electronic Theory of Organic Chemistry, Oxford,
1343, p. 141 et seq.

—— - —— —— —— S = — —

this reaction type, 1nvolve primary sttackt of an electrophilic
bromine frugment on the double tond and consequent formatlon of a

bridged cation iatermediate'Jas pistured ia equation (1).

- e e - - e —— -

10) For & comprehensive discussion of entirely analogous cases see
S. Wiaste{a et al, This Journal, 74, 11 (1352), and reference
(11b). ~

- - — - - . . ——

That the iaitial attack on the doudble bond occurs at the
exo side as represented above is consonant wlth many analogous odb-

servations in the stereochemistry of addition to multiple bonds in
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11
bicyclic systems. Stabilization of the bridged cation complex D

——

(1:) (a) K. Alder and G. Stein, Ann., $15, 131 (13%§); Ann., 525,
18T (13%€).
(b) H. Kwart, This Journal, 75, 2000 (135%).

would be expected to occur by trans displacement of the delocalized
electron palr by the accompaayiag halogen anion. It is of interest
that the steric course of the reaction is in keepiag with observa-

tlonallb

on the analogous chlorination of piieae. Displacement at
the dotted arrow site would result in the unrearranged structure IV
wherens displacemeat at the other site would lead to the structure
VII indicated. Bota IV and VI({ are consisteat with the dipole
momeat data. Preference for the rearranged structure over the un-
rearranged IV is dictated by many demonstrations of rearrunged
products on addition to the double bond in related bicyclic systems,
e.g., the observations of Bartlett and Schneider4 on the addition of
halogen ia dicyclopentadiene and the results of bromination of
norboraylene in this iaboratory.s Furthermore only structures VII
and IV lead reasonably and “y means of well known asnalsgous reac-
tions ia blcyclic systems to the unique structure IX coansistent with
the obgerved momeat of compound B. A profound rearrangement »f the
sort necessary to explain the formation of structure IX on treatment
of structure IV with acid appears to have no analogy 12 previous

obeervations. However, treatmeat of VII with strong acid (HBr) at

high temperature would be expected6 o promote the establishmeat of
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bornyl-isoborayl halide equilibrium12 knowmn to favor the bornyl

—————

{(12) H. Meerwein and K. von Fmster, Ber., 55, 2500 (1322).

configuration. Fquation (2) represents this acid catalyzed isomeri- ‘

zation.

13

Ke plcture this as a concerted solvolysis™* and surmise

(17, C. G. Swain, This Journal, 79, 1113 (i348).

that since & moderate amount of HBr is eliminated in a side reaction,
the halogen acid is functioning as the electrophilic reagent as well
as the source of nucleophilic reageat (Br~). The considerably

greater inertness in solvalytic reactivity of halogen on the methyl-

ene bridge14 apparently prevents a similar inversion at the 7 position.

(14) J. D. Roberts, W. Bennet and R. Armstrong, This Jouraal, 72,
2329 (1353).

The formation of sn unrearranged product, structure III, oa dromina-
tion of the exo-cyclopentadiene-maleic anhydride adduct would imply
that a bridged ion intermediate similar to that postulated above for
additlon to the endo adduct does not obtain in bromination of the
exo coafiguration and the normal trans course of halogen addition

to a double bond occurs. A pertineat observation has been made by
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Bartlett and Earnes15 ia their studies of the solvolysls of the

. — ———— - . —— " A e e ot et —

(15 p. D. Bartlett, Abstracts of the Twelfth National Organ’c
Chemistry Symposium of the American Chemical Society, Denver,
Colorado, June 12-15, 1351, p. 6.

2-tosylates of dihydrodicyclopentadiene. These authors have shown
that greater assistance from participation of the neighboriag bond
in formation of a bridge cation intermediate is afforded the isomer
in w#hich the cubstituent ring is fused to the bicycloheptane system

in the endo configuration.

Churt Il is a suanary of the structursl assignments de-

duced from *he foregoing considerations.

16
Experimentals

— e e -

- —— - —

(1€) All meltiag pouiats givea are uacorrected and were taken with a
kot stage microscope.

—— v - . . ——— e —— = . —— — ——— - - — = = —

Preperation of endo-7?,6-Methyliene-1,2,7,6-tetrahydro-cis-

phtnalic Anhydride (the endo adduct)s fThe procedure of Diels and

AlderlT was followed usiag one mole of freshly distilled cyclopea-

—— e —— c-—— - PR AP - . LR K s~ ——— A e =

{17) 0. Diels and K. Alder, Aan., 460, 38 (1328).

tadlene and one mole of maleic anhydride. The product was recrys-

tallized fron low bolling petroleun ether. A 95 per cent yleld of

17

the endo adduct (m.». 181-62°)"" was obtained.
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Erominatios of the eado-adduct: The procedure of Bertlett

- - - - . — = Sy~

and Schnelder® was f3llowed. From 0.1 mole {18.4 g.) of the endo-
adduct and J.1Z moles (13,2 g.) of bromine there wss obtalned 22

graes (69 per ceat) of the dibromomhrdride, m.p. 295-6°.

Prenaration of eado-3,6-¥et ﬁy’eqeheXthdro cis-phthalic

———d . e e o .- R, —r——

Anhrdride: The procedure of Bartlett and Schaelder was followed.

——— e - -

From ).1 mole (14.4 g.) of tae eado-sdduct thers was obtalned 14.4
grams {97 per ceat) of tne completely snturated compuound (.. 165-

677).

Preparstls. of exo-.,e detaylere- 1 2,. -tetrahydro cis-

SN e R O e R O ——e e = e - “c s eeme =TTl

ohtnalic Anhydride (pyg exo adduct): The procedure of Craig was
followed. Ome mole (164 3.) of the eado-adduct was heated in an
open flask immersed in aa oil bath st 133129 for 1.5 hours as meas-
ured by a thermoneter immersed in the reaction mixture. Come
naterial aa3 lost Jue to sublimatisa. The brown cake thet remalned
o ¢n0lin; ms takea up ia 5Y) ce. of boiliag benc:ae aad bolled
with 2 grams of norit. The filtered solution yielded Z5 grams of
crystalline material (m.». 122-?60) when cooled to r>om teaperature,
Concentration of the filtrste produced an additional 12.5 grazs of
crystals (m.n. 112-17%), The two crops of crystals were combined

and recrystallized from 20) ce. of benzeae, yielding 30.7 grams of

the exo-adduct (a.p. 129-41°).
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Bromination of the exo-adduct: The procedure fsllowed

————— " 8 > " -t >~ B o sk W S At

was that of Bartlett and Schneider.? From 9.1 mole of tae exo-
adduct and 0.1€ moles of bromine there was obtained 22 grams (58

per cent) of the dibromoanhydride, m.n. 189-33.5°.

Preparation qsfexo-s,6-ﬂethylenehexahydro—Eig:phthali:

———— .4 e

Anhydride: The procedure of Bartlett and Schneider? was followed.
From 0.1 mole of the exo-adduct there was obtainad 12.2 grams (83

per ceat) af the completely ssturated compound (m.n. 25-69).

Hydrolysls of tae dibromosahydride (m.p. 205-6%): The
anhydride was hydroiyzed according to the procedure of Alder and
Stein.” One tenth of a mole {22.4 g.) of tme dibromoaahydride
yielded 32 grums (34 per ceat) of the dicarboxylls acid (m.p. 181-2°

dec.).

Preperation of tne divromoeahydride (m.p. 248-49°): The

procedure of Bartlett and Schneider4 was followed., Twelve grams of
the dibromoacié (m.p. 181—820) yielded 3.2 grams of the dibromo-

anhydride (m.p. 243-43°),

Determination of the dipole momeints of the various adducts:

The apparstus used in determining the cepacitaace of tre various

18

solutioas was similar to that of Smyth aad Stranathaa. A 1000

e e T e 8 i T T # T 8 s ek i et S W Al ey S W s A B i ety " . et

(18) (a) G. L. Lewis and C. P. Smytu, J. Chem. Phys., 7, 1085 (19%93).
(b) J. Stranathan, Rev. Sci. Instruments, 5, X34 (19%4).

B8 K e A S B W Y B s P W R W et R e B S - e S Ay S s S PR W i o
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cycle hummer was used to determine the aull point when taking read-’

ings.

Dioxane used as a solvent in the determinatiois was tech-
nical grsde which was refluxed over sodium for 2 minimum of two days
and then distilled from sodiun as needed. The fruction doiling at
101.5° was used la this worik. The beaneae used in one determination
was obiained by distilling thiopheae-free benzeae from sodium. The

fraction boiliag at 20-80.5° was taken.

Calculutions of tne dlpole momeats from tae dielectric
constant and reflractive index data in Table .I[ were done by the

Guggeaheinm method of initial slopes.19

- ————

]

— % i el e T W P M e % WS s P s e b S e o el W P ees i m —— A &

(19) See reference 11b for furtaer refereaces and discussion.
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Table III

Dipole Moment Data for the Various Isomers

exo-!-,S—Hethylenehexgl_aydro—cls—phthalic anhydride: S° = 0.027 Ad= 4.9D

Conc. (moles/ce. x 10°) < n? € - 0¥
0.020 2.2175 2.0161 0.20i4
Z.29 2.2805 2.0173 0.2852
4.16 2.3518 2.0181 0,35137
7.58 2.4221 2.0130 0.40%1
(63 2.4777 2.0198 0.4579

eado-3,6-Metnylenehexahydro-cis-phthaalic anhydride: g% = 2.027 AL = 4.8D

————— -

Conc. (moles/cc, x‘lgi)_ & n? € - n?

™ 2.00 2.2145 2.0167 0.1378
e . 22X R.2845 <.0175 0.26870
4.50 2.%453 2.01R7 0.2266

8.86 2.403% 2.0192 0.%901

2.9 2.1915 2.0201 0.4714

exo-sdduct dibromide (m. 182-4%): s% = 0.006 A= 2.%D

—— - —— - —— - -

Cone. (moles/cc. x 10°) _€ .. _. A _ . _€-q_

A, Data . . . (A)

0.02 2.2165 2.0179 0.1295

.06 2,2378 2.0197 0.2182

5.52 2.2549 2.0207 0.2342

7.62 2.2718 0221 0.2497

.26 2.2925 2.0229 0.2586
B. Data . . . (0)

0.22 2.2194 2.0170 0.2024

2.23 2.285) 2.0187 0.2183

4.31 2.2488 2,0201 0.2287

6.70 2. 2684 2.0215 0.2469

8.92 2.2849 2,0222 2517
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Table III (Continued)

Dioole Moment Data for the Various Isoamers

gado-adduct dibromide (m. 209°-): 8% = 0.025 .&«= 4.5D

Conc. (moles/cc. x 10%) € n? € = nz__

A. Data . . . (0)

0.09 2.21684 2.0178 0.1989
.01 2.2908 2.9204 0.2704
6.02 2,%614 2.0224 0.%3%90
7.73 2.4010 2.0244 0.1766
9.58 2. 1454 2.0261 0.4193%

B. Data » . . (4)

920 2.2134 2.017) 0.2J24
1.8R9 2.3635 2.97187 0.2448
4.38 2.3185 2.9201 0.2984
{ 6.%0 2.3749 2.0218 0.35531
2.2%5 2.447D 2.0244 0.4226

Didromoanhydride (m. 249-53°): €° = 0.712 A= 5.2D

Conc. (moies/cc. x 19°%) R af € -
0.00 2138 2.0717) 0.1365
2.72 2.2461 J.0132 0.227%
4.52 2.2708 2.2207 0.2501
6.8 2.3002 2.0227 0.2776
10. 10 2.%433 2.02568 2.2175
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